Animals: A total of 62 black rats (R. rattus tanezumi) which were produced in our breeding colony provided materials for the study of the C-bands. The colony has been established from several black rats collected in Japan and bred covering about 6 to 8 generations by brother-sister matings. Genetic analysis of the C bands was carried out in 24 rats derived from 5 littters. The litters were of different parent origin having several types of the C-band polymorphism.
Stainings: The C-banding staining followed the procedure deviced by Yosida and Sagai (1975) . To determine the pair number of chromosomes, sequential G and C-band stainings were applied. Primary cell cultures from tail tissues were exclusively subjected to the chromosome observations (Yosida et al. 1971 It was already shown that (Yosida and Sagai 1975) , all chromosome pairs of the black rats were generally characterized by the occurrence of large and distinct C bands adjacent to the centromeric region. The Japanese black rat (R. rattus tanezumi), however, are markedly different from the other subspecies with regard Fig. 1 . C-band karyotype of Japanese black rat (R. rattus tanezumi) obtained from our breeding colony.
Pair no. 1 is an acrocentric and subtelocentric heteromorphism. The C-band was in the acrocentric chromosome.
Pairs no. 2, 4 to 8 and 10 have no C-bands. Pair no. 3 has large and small heteromorphic C-band. In pairs no. 9, 12, 13 and X chromosomes, both members have C-bands, but pair no. 11 was dimorphic by presence and absence of the band.
All small metacentric pairs (nos. 14 to 20) have clear C-bands in their centromeric regions.
to the polymorphic nature of the C-bands (Fig. 1) . In 62 black rats examined, chromosome pairs no. 1, 3, 7, 8, 10, 11 and 13 showed polymorphism with regard to the presence and absence of C-bands (Fig. 2) . In pair no. 1, 28 (45.2%) among them had C-bands in both members of the pair, and 25 (40.3%) were hetero morphic due to the presence and absence of C-bands, while the remaining 9 (14.5%) had no C-band in both members of the pair. For pair no. 3, 52 (83.9%) out of 62 rats showed C-bands in both members, while 10 (16.0%) were hetero morphic. On the other hand, a few rats showed the C-bands in pairs no. 7 and 8. Regarding pair no. 7, 6 out of 62 rats (10%) showed C-bands in one member of the pair, while 2 rats (3.0%) had heteromorphic C-bands in pair no. 8. The other rats were avoid of C-band in either member of pairs no. 7 and 8. For pair no. 10, 6 rats (9.7%) carried homomorphic C-bands, whereas 27 rats (43.5%) were het eromorphic.
No C-band was observed in the remaining 29 rats (46.8%). A similar type of the C-band polymorphism occurred in pair no. 11: the frequencies of rats with C-bands, those with the heteromorphic band, and those with no band were 8.1% (6 rats), 56.5% (27 rats) and 35.5% (29 rats), respectively. In pair no. 13, about one half (33 rats) of the rats had C-bands, while the remaining one half (29 rats) showed no band in this chromosome pair.
In chromosome nos. 2, 4, 5 and 6, C-bands were completely absent in their pairs. On the other hand, in pairs no. 9 and 12, as well as in other small meta centric pairs no. 14 to 20, C-bands were invariably present in their centromeric regions. The X chromosome always had the C-band adjacent to the centromere, while the Y chromosome was darkly stained throughout its whole length.
2. Relation of acrocentric and subtelocentric polymorphism to the C-bands In the Japanese black rats (R. rattus tanezumi), pairs no. 1, 9 and 13 were polymorphic for both acrocentrics and subtelocentrics.
As already reported (Yosida and Sagai 1975) , the C-band in pair no. 1 was observed only in acrocentric chromosomes, while its subtelocentric partner had no band. In the present material this pattern was without exception. Among 124 chromosomes observed in the 62 rats, 43 chromosomes (34.7%) were subtelocentrics having no C-bands, whereas the remaining 81 acrocentric chromosomes invariably showed C-bands. However, in a total of 108 chromosomes from 54 rats successfully analysed for pair no. 9, about one half (52.8%) were subtelocentrics and the remaining half (47.2%) were acrocentrics, and all of them had C-band. In pair no. 13, among 66 chromosomes from 33 rats obtained at random 47 (71.2%) were subtelocentrics, leaving 19 (28.8%) which were acrocentrics. No correlation was found between the chromosome types and the occurrence of the C-band, so far as two chromo some pairs (nos. 9 and 13) are concerned.
3. C-band polymorphism by the size difference C-bands in the chromosomes of the black rats were generally large and dis tinct, while C-bands of pair no. 3 in the Japanese black rats were remarkable by Table 1 large and small bands (Fig. 1) . Refer ring to the presence and absence of the C-band and to the size difference of the band, six types are availably identified in pair no. 3. Among 62 rats which show ed the C-bands in one or both members of the pair (Table 1) , 52 rats (83.9%) had C-bands in both pairs, in which 8 rats (12.9%) showed the large homomorphic C-band, 30 ones (48.4%) showed large and small heteromorphic bands, and the remaining 14 ones (22.6%) were charac terized by homomorphic small C-bands. Ten (16.1%) of the 62 rats showed dimor phism due to the presence and absence of C-bands. Eight (12.9%) among them were heteromorphic to the large C-band and the remaining 2 (3.2%) to the small C-band.
Segregation of the C-band patterns in F1 hybrids
The inheritance of the C-band patterns from the parents to the offspring was studied in 24 rats (5 litters) derived from 5 different parents.
Mating-I: C-band patterns of pair no. 3, 10, 11 and 13 chromosomes were polymorphic in the parents (Fig. 3) . Pairs no. 2, 4, 5, 6, 7 and 8 were monomorphic by the absence of C-bands, whereas pairs no. 1, 9 and 12 were monomorphic due to the presence of C-bands. Pair no. 3 was heteromorphic by the presence and absence of C-bands, and also by large and small size of the bands. Matings between these parents produced 6 F1 hybrids. Pair no. 3 was ex pected to be segregated into 4 types, but two types were obtained in six rats. Two rats of them had the C-band pattern of the male parent, while the pattern of four rats were of the female parent type. Pair no. 10 in the hybrids was expected to be of the same types as that of both parents. Thus, they showed tow types, though the number of the heteromorphic type was fewer than the homomorphic type . The bands of pair no. 11 in the hybrids were found segregated into three types as expected. C-bands of pair no. 13 showed also a segregation into two or parents' types as expected.
Mating-II: C-band patterns of both parents and their hybrids (5 rats) are shown in Fig. 3 . Band patterns of the parents were polymorphic in pairs no. 1, 3, 10 and 13. Five offspring derived from them showed the bands which were segregated as expected. The homomorphic bands were observed in pairs no. 9 and 12 in both parents, while the other pairs (no. 2, 4, 5, 6, 7, 8 and 11) were devoid of the bands.
Mating-III: Pairs no. 1, 3, 7, 10, 11 and 13 of the parents showed C-band polymorphism, whereas pairs no. 9, 12 and 13 to 20 were homomorphic for the C bands. Other pairs (nos. 2, 4, 5, 6 and 8) were all negative for C-band. Eight offspring from them were analysed and the segregation into the positive and nega tive C-bands was observed in them as expected, though there was a slight difference in frequency between the observed and expected numbers (Fig. 3) .
Mating-IV: In this mating, C-bands of pairs no. 1, 3, 10 and 11 were poly morphic in the female and male parents, but in contrast those of pairs no. 9, 12 and 13 were homomorphic (Fig. 3) . The bands of three offspring showed the segre gation frequency of positive and negative bands as expected, though there was some distortion from the expected numbers.
Mating-V: In the parents, pairs no. 1, 9, 12 and 14 to 20 showed homo morphic C-bands, while nos. 2, 4, 5, 6, 7, 8 were devoid of such bands. The other pairs no. 3, 10, 11 and 13 showed C-band polymorphism. Two offspring derived from them showed a segregation as shown in Figure 3 .
Summarizingly, the C-band segregation of the 6 polymorphic chromosome pairs (nos. 1, 3, 7, 10, 11 and 13) in 24 offspring coming from 5 litters is as shown in Table 2 . The ratio of the C-band positive type (C+) to the C-band negative one (C-) was markedly different in each pair, but the segregation ratio was not divergent from the expected one. In a total of 288 chromosomes observed in the 24 off spring, the C+ and C types were segregated into 148:140, with a value finely corresponding to the expected one (150.0:137.5).
This feature is indicative of that the C-band characteristics of the black rat are transferred to the offspring with the Mendelian segregation ratio.
Discussion
Based on 27 rats from their breeding colony and from 7 rats collected in the field, C-band polymorphism in those black rats was reported by Yosida and Sagai (1975) . The breeding colony at that time was different from the present one: some of rats used for study were obtained from a population in an initial stage, from which the present colony had been established. The pattern of the C-band hetero morphism of the above rats was similar to that of the present material; chromo some paris no. 2, 5 and 6 were devoid of bands, leaving pairs no. 9 and 12 which usually carried bands. This feature is similar to that of the present study. In 7 wild rats, no bands were observed in pairs no. 2, 5 and 6, but pair no. 12 had C bands. In a total of 96 Japanese black rats from the above breeding colony and wild populations, pairs no. 2, 5 and 6 always had no C-band and there were pair no. 12 and the other small 7 metacentric pairs having the bands. The other 9 pairs, nos. 1, 3, 4, 7 to 11 and 13, were polymorphic due to the presence and absence of the bands.
The Japanese black rats are characteristic by acrocentric and subtelocentric polymorphism of pair no. 1. Of interest is that the C-band was usually present only in the acrocentrics, whereas the subtelocentrics were devoid of such bands (Yosida and Sagai 1975) . It was assumed that the subtelocentric pair no. 1 was produced through the mechanism of pericentric inversion of the original acrocentric chromosome (Yosida et al. 1965) . In the course of inversion of the acrocentrics, the heterochromatic region bearing the C-band might have been deleted. The absence of the C-band in the subtelocentric pair no. 1 has been found in the Japanese black rat (R. r. tanezumi), as well as in the Malayan black rat (R. r. diardii). In some other subspecies, such as R. r. mindanensis, R. r. rattus, R. r. rufescens and R. r. kandianus, the subtelocentric pair no. 1 carried without ex ception the C-band. Pairs no. 9 and 13, which are also polymorphic for acro centric and subtelocentric, showed no correlation between the chromosome type and C-banding pattern. Based on these findings, the absence of the C-band in the subtelocentrics may not be due to the deletion of the band in the heterochromatic region, but may be the result of some biochemical change occurring in the hetero chromatic region, as it was interpreted to some extent by affinity to the Giemsa stain (Yosida and Sagai 1975) .
Genetic investigations of C-band polymorphism have been carried out in human families by Craig-Holmes and Show (1971) , Craig-Holmes et al. (1973 , Gimelli et al. (1976) and Nakagome et al. (1977) . It was shown that the majority of the banding pattern characteristics has been inherited to offspring from their parents, and that some offspring showed variations in the parents' C-band pattern by either a morphological change or by mosaicism. On the other hand Carnevale et al. (1976) showed a regular segregation of C-band polymorphism in pairs no . 1, 9 and 16 in human chromosomes. A somatic stability in C-band characteristics has been observed in various tissues and organs in human subjects (Hoehn 1977) . In the inbred strains of the mouse, Forejt (1973) has demonstrated a strains specificity of the C-banding pattern. In the hybrids between the Europian house mouse (Mus musculus musculus) and the Japanese house mouse (Mus musculus molossinus), Dev et al. (1975) showed that the C-band characteristics were con sistently inherited in their hybrids without forming new bands or variants . The Japanese black rats were characterized by the C-band polymorphism, but their characteristics were regular inherited to offspring. There was no variation in the C-band so far as the present study has gone. The divergent picture of the C-band inheritance between man and rodents might be a species difference. Thus, the C-bands of the black rats which are consistently transferred to offspring with a rigid segregation ratio are useful as good genetic markers.
